Abstract. This paper is primarily a study of the effect of a bar on the neutral hydrogen (HI) content of starburst and Seyfert galaxies. We also make comparisons with a sample of "normal" galaxies and investigate how well starburst and Seyfert galaxies follow the fundamental scaling Tully-Fisher (TF) relation defined for normal galaxies. 111 Markarian (Mrk) IRAS galaxies were observed at the Nançay radiotelescope, and HI data were obtained for 80 galaxies, of which 64 are new detections. We determined the (20 and 50%) linewidths, the maximum velocity of rotation and total HI flux for each galaxy. These measurements are complemented by data from the literature to form a sample of Mrk IRAS (74% starburst, 23% Seyfert and 3% unknown) galaxies containing 105 unbarred and 113 barred ones. Barred galaxies have lower total and bias-corrected HI masses than unbarred galaxies, and this is true for both Mrk IRAS and normal galaxies. This robust result suggests that bars funnel the HI gas toward the center of the galaxy where it becomes molecular before forming new stars. The Mrk IRAS galaxies have higher bias-corrected HI masses than normal galaxies. They also show significant departures from the TF relation, both in the B and K bands. The most deviant points from the TF relation tend to have a strong far-infrared luminosity and a low oxygen abundance. These results suggest that a fraction of our Mrk IRAS galaxies are still in the process of formation, and that their neutral HI gas, partly of external origin, has not yet reached a stationary state.
Introduction
The neutral hydrogen (HI) content of galaxies is a key parameter for the study of their evolution, because the HI gas is both the reservoir for future star formation and an excellent tracer of the large-scale galaxy dynamics.
It has often been suggested that the nuclear activity in galaxies is fuelled by accretion of gas toward the central regions, and that the mechanism for this radial infall is either a gravitational interaction or the presence of a bar (e.g., Noguchi 1988; Shlosman et al. 1989; Mihos & Hernquist 1994; Friedli & Benz 1993 . The effect of a bar on nuclear activity has been the main motivation behind the present series of papers, and the first objective of this paper is to determine whether there is a difference in HI content between barred and unbarred galaxies.
The presence of nuclear activity should also be related to the overall gaseous content of the host galaxies, since the availability of interstellar matter is expected to affect the fueling rate of the nuclear regions. So far, only loose correlations have been found between the HI gas content and the level of star forSend offprint requests to: Davoust, e-mail: davoust@obs-mip.fr ⋆ Based on observations obtained at the large radiotelescope of Observatoire de Nançay, operated by Observatoire de Paris mation in various samples of galaxies (e.g., Jackson et al. 1987; Mirabel & Sanders 1988; Martin et al. 1991; Eskridge & Pogge 1991; Andreani, Casoli & Gérin 1995; Contini 1996) . A much tighter correlation has been found between the star formation rate (SFR) per unit area and the HI surface density in galaxies, extending over several orders of magnitudes in SFR and gas density (Kennicutt 1998) . Our second objective is to investigate whether starburst and Seyfert galaxies have an abnormal neutral hydrogen content with respect to normal ones.
Another important use of HI data is for exploring the TullyFisher relation (Tully & Fisher 1977 ; hereafter TF) for active galaxies. The TF relation is an empirical correlation which predicts that the absolute magnitude of a disk galaxy is proportional to its maximum rotational velocity V m . In spite of the frequent use of the TF relation as a distance indicator, the physical origin of this relationship is still relatively poorly understood, and it remains unclear whether all rotationally supported disk galaxies obey a single TF relation. As the fundamental scaling relation for spiral galaxies, the TF relation provides constraints on galaxy formation, because it is deeply connected to the processes by which disk galaxies form (e.g., Burstein & Sarazin 1983; Cole et al. 1994; Eisenstein & Loeb 1996 ; Steinmetz & Navarro 1999; Koda, Sofue & Wada 2000; Navarro & Steinmetz 2000; van den Bosch 2000; Mo & Mao 2000) .
Until now, the primary goal of detailed TF studies has been to establish the tightest relation possible for use as a distance indicator. Thus, most local TF studies are limited to normal isolated galaxies, excluding galaxies with nuclear activity (starburst or AGN) and with signs of interactions and/or tidal distorsion (e.g., Rubin et al. 1985; Pierce & Tully 1992; Courteau 1997; Tully & Pierce 2000) . The TF relation has not yet been extensively used to probe galaxy evolution. Coziol et al. (2000) have recently shown that a significant fraction of the Markarian (Mrk) starburst galaxies strongly deviate from the B-band TF relation defined for normal galaxies, suggesting that the disks of these galaxies are not in a state of dynamical equilibrium.
The third goal of this paper is to investigate whether starburst and Seyfert galaxies deviate systematically from the TF relation using K-band photometry, which is a better probe of galaxy masses than the B band. Our study complements searches for TF deviations in low-mass galaxies (Courteau & Rix 1999; O'Neil, Bothun & Schombert 2000; Hunter, Hunsberger & Roye 2000; McGaugh et al. 2000) , extreme latetype galaxies (Matthews, van Driel & Gallagher 1998) , asymmetric galaxies (Zaritsky & Rix 1997) and galaxies in close pairs (Barton et al. 2001) .
To address the goals outlined above, we have culled a sample of galaxies from the catalogue of Markarian galaxies, retaining only those galaxies which had been detected by IRAS (in other words, those with a measured far-infrared flux).
The outline of the paper is as follows. The samples of barred and unbarred Mrk FIR-bright galaxies are described in Sect. 2. The HI observations and data reduction are presented in Sect. 3 and the results in Sect. 4. A comparative analysis of the HI content in Mrk IRAS vs. normal, and of barred vs. unbarred galaxies is given in Sect. 5.1. The behavior of Mrk IRAS galaxies in the TF plane is investigated in Sect. 5.2. Our principal conclusions are summarized and interpreted in terms of evolutionary stage of starburst galaxies in Sect. 6. Throughout this paper, all calculations assume an Ω = 1 and H 0 = 75 km s −1 Mpc −1 cosmology.
The two subsamples
The sample of Mrk IRAS galaxies was broken into two subsamples, barred and unbarred galaxies, according to the morphological type listed in LEDA 1 . The subsample of 144 barred galaxies contains ∼ 80% of starbursts and 20% of Seyfert galaxies. It has been the subject of detailed multi-wavelength studies (Contini 1996; Contini et al. 1995 Contini et al. , 1997a Contini et al. ,b, 1998 Chapelon et al. 1999; Coziol et al. 1997 Coziol et al. , 1999 and is described in more details by Contini et al. (1998) .
The subsample of unbarred galaxies contains 110 Mrk IRAS galaxies with nearly the same relative proportion of starburst and Seyfert galaxies as in the barred sample. It is smaller than the barred subsample, but inspection of high-resolution images of the latter subsample (Contini 1996) revealed that 15
Observations and data reduction
When a literature search for HI observations of our sample turned out a rather small number of galaxies, we decided to obtain HI observations of the Mrk IRAS galaxies that had not yet been observed.
The observations were obtained at the large decimetric radiotelescope of Nançay Observatory 2 . The half power beam width of the telescope at 21cm is 3.6'(EW)x22'(NS) at zero declination. The spectrometer is a 1024-channel autocorrelator of 6.4 MHz bandwidth, with 512 channels in each polarization. The channel resolution is 2.64 km s −1 at 21cm. Three runs (a total of 281 hours) were allocated for the barred subsample in 1993-94, and six runs (214 hours) for the unbarred subsample in 1996-99. We observed a total of 111 galaxies, and detected 80 (+ one companion), of which 64 are new detections.
The data were reduced at Nançay Observatory with the DAC and SIR softwares, operating on a microVax. The horizontally and vertically polarized signals were reduced separately and added after baseline subtraction. The latter operation was generally done using a polynomial of order 3. All spectra were then boxcar smoothed to a final resolution of 7.92 km s −1 . There was no independent check of the absolute flux calibration; we relied on the results of Theureau et al. (1998, their Fig.4 ) and applied a correction of 1.12 to the fluxes obtained in the first series of runs, and of 1.32 for the second, to make up for successive changes in overall gain at zero declination and redshift. A chromatic correction was likewise applied using a series of calibrations provided by Gilles Theureau, where the temperature of the noise diode is seen to increase with decreasing frequency (increasing redshift); this correction is similar to that adopted by Thuan et al. (1999) , but extends further in frequency. The gain of the antenna is 1.1 K/Jy at zero declination. A correction for loss of sensitivity with declination was done using graphs provided by the telescope staff.
The observations at a recession velocity of about 12500 km s −1 were considerably perturbed by radar signals, and some of the galaxy profiles around that velocity might not be reliable. In particular, we had to discard the spectra of Mrk 126, 413, 726, 1231. We also discarded the spectra of Mrk 572 and 904, because of obvious artefacts in the profiles or baselines. This leaves 106 galaxies, out of which 24 were not detected, and three (Mrk 333, 445, and UGCA 304) are not part of the sample. Mrk 445 was observed by mistake (instead of Mrk 446), Mrk 333 turned out to be undetected by IRAS, and UGCA 304 is a companion to Mrk 1337. UGCA 304 was probably not completely in the beam of the telescope, and the corresponding Nançay HI flux is thus underestimated. In summary, the total number of Mrk IRAS galaxies detected by us is 80.
In order to determine the total HI fluxes and linewidths we converted the line profiles into MIDAS tables and images and applied custom-made procedures to derive these astrophysical quantities. The total HI fluxes were corrected for beam-filling Fig. 1 . HI profiles for the Mrk IRAS galaxies. The x-axis is the heliocentric velocity in km s −1 ; the y-axis is uncorrected flux density in mJy. using the precepts of Theureau et al. (1998) and taking galaxy position angles and diameters in LEDA; they amount to a factor of 1.02 or less in most cases. The systemic velocity is given in the radio convention (namely c(ν − ν o )/ν o ). At this stage, the linewidths are corrected for cosmological stretching, but not for instrumental resolution or internal velocity dispersion. These corrections (e.g. Fouqué et al. 1990 ) will be applied before computing the maximum velocity of rotation.
For undetected galaxies, we determined an upper limit to the flux by measuring the rms noise and estimating the linewidth from the absolute magnitude and inclination of the galaxy via the TF relation. The HI profiles are displayed in Figs. 1 to 3.
The uncertainties in the velocities and fluxes were estimated following the method outlined in Fouqué et al. (1990) .
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Fig. 2. HI profiles for the Mrk IRAS galaxies (continued).
and
where R is the channel resolution (identical to the channel spacing), P is the steepness of the profile (i.e. (W 20 -W 50)/2), h is the peak intensity in the profile (in Jy), A is the measured area under the profile (in Jy km s −1 ) and SN R the signal-to-noise ratio (defined as the ratio of h to the rms noise). The uncertainties on the linewidths W 50 and W 20 are simply 2 and 3 times ∆V ⊙ respectively.
Results
The results are presented in Table 5 . The Mrk number is in col. 1, the morphological type t in col. 2, the inclination in col. 3, the radial heliocentric HI velocity (in brackets when from LEDA) and its error (in km s −1 ) in cols. 4 and 5, the rms noise in the profile (in mJy) in col. 6, the signal-to-noise ratio (SNR) in col. 7, the measured linewidths at 20 and 50% of maximum intensity (in km s −1 ) in cols. 8 and 9. When no line was detected, the listed W50 was estimated from the TF relation and is given in brackets. The HI flux F HI (or an upper limit) and its uncertainty (in Jy km s −1 ) are given in cols. 10 and 11. The last galaxy of that Table is UGCA 304, the companion of Mrk 1337.
The mean value of SN R (col.7) is 5.5 ± 0.3, while the mean signal-to-noise ratio for the fluxes (col. 10) is 4.4 ± 0.3. The uncertainty estimate for the HI fluxes is thus rather conservative.
HI data for 21 of the galaxies selected for observation appeared in the LEDA database after our observing runs were initiated. A comparison with our own data is given in Table 1 . The Mrk number is in col. 1, the radial heliocentric HI velocity (in brackets when from LEDA) and its uncertainty (in km s −1 ) in cols. 2 and 3, the measured linewidths at 20 and 50% of maximum intensity and their uncertainty (in km s −1 ) in cols. 4 to 7. An asterisk (*) following W 20 means that this is in fact W 25. The maximum velocity of rotation and its uncertainty in log(km s −1 ) are given in col. 8 and 9, the HI flux F HI (or an upper limit) and its uncertainty (in Jy km s −1 ) are given in cols. 10 and 11. The signal-to-noise in col. 12 and the reference to the measurement in col 13. The references are coded as follows. 1 : this paper; 2 : Theureau et al., 1998; 3 : Giovanelli & Haynes, 1993; 4 : Haynes & Giovanelli, 1991; 5 : Henning, 1992; 6 : Davis & Seaquist, 1983; 7 : Bushouse, 1987; 8 : Giovanelli & Haynes, 1985; 9: Andreani et al., 1995 10: Thuan et al., 1999 11: Smoker et al., 2000; 12: Garcia et al., 1994; 13: Heckman et al., 1978; 14: Haynes et al., 1997 .
The maximum velocity of rotation is defined as (Theureau et al. 1998) :
where W 20 c and W 50 c are the linewidths corrected for instrumental resolution and internal velocity dispersion. The upper limits to the two HI fluxes taken from the literature were rederived using the linewidths determined by us.
The overall agreement between our data and the literature is satisfactory. The only discrepancy in the linewidths and log(V m )concerns Mrk 1199. (Note that the discrepancy in the log(V m )of Mrk 1200 is obviously due to the choice of inclination, which is not specified in ref.
2). The agreement among total HI fluxes is not as good, but when 3 sets of independent observations are available it appears that the fluxes of ref. 2 (Theureau et al. 1998) tend to be significantly lower than the other two. In the case of Mrk 860, the accuracy of the flux and error-bar quoted in the literature are questionable, in view of the rather short integration time. We are thus confident in the quality of our data and adopt them in all conflicting cases.
We next examine the individual profiles, taking into account the morphological type and inclinations given in Table 5 . Only a few of the galaxies of our sample have the standard saddle-shaped profile: Mrk 1092 , 1337 , 1363 , 1425 and, to a lesser extent, Mrk 90, 382, 592, 827, 898, 905, 966, 968, 997, 1200 , 1270 . Only one narrow profile corresponds to a nearly face-on galaxy (Mrk 626); the others (Mrk 373, 922, 928, 937, 1064 (Mrk 373, 922, 928, 937, , 1104 suggest that the HI may in some instances be confined to the central parts of the galaxy. Such a behavior has also been noted for the molecular gas of these starburst galaxies (Contini et al. 1997a) . Conversely, some nearly face-on galaxies, like Mrk 922 and 1200, have large line widths, suggesting non-planar motions. Most profiles appear perturbed, but, because of the generally low signal-to-noise ratio, it is difficult to draw more information about the dynamics of the neutral gas from these profiles.
Finally, we note that our data on Mrk 237 might be affected by confusion, since the galaxy has a very close companion at about the same recession velocity.
Analysis
We complemented the HI data from our 80 galaxies by data from the literature for 138 other galaxies, to form a large sam- ple of 218 Mrk IRAS galaxies, 105 unbarred and 113 barred ones, which is given in Table 7 . The Mrk number is in col. 1, the morphological type (SA = unbarred, SB = barred) in col. 2, the spectral type (stb = nuclear starburst; sy = Seyfert; st? and sy? are classifications from an IRAS color index as explained below) in col. 3, the numerical morphological type t (defined in RC3; de Vaucouleurs et al. 1991) in col. 4, the inclination (in degrees) in col. 5, the isophotal diameter d c and its uncertainty (in log of 0.1 ′ ) in cols. 6 and 7, the maximum rotation velocity V m (in km s −1 ) and its uncertainty in cols. 8 and 9, the distance D (in Mpc) in col. 10, the K-band magnitude in col. 11, the oxygen abundance (O/H) with respect to solar in col. 12, the total HI mass and its uncertainty in M ⊙ in cols. 13 and 14, the total far-infrared (FIR) luminosity (in L ⊙ ) in col. 15 and the absolute blue magnitude M B in col. 16.
The spectral type (starburst or Seyfert) was taken from Contini et al. (1998) , Mazzarella & Balzano (1986) or Mazzarella & Boroson (1993) . When no classification was available, we estimated it from the IRAS color index α(60,25) = log(S 60 /S 25 ) / log(25/60), where S 60 and S 25 are the IRAS fluxes at 60 and 25 µm respectively. According to Coziol et al. (1998), α(60,25 ) is larger than −1.70 for Seyferts and between −2.5 and −1.70 for starburst galaxies; this last spectral classification is of course to be taken with caution. The maximum rotation velocity log(V m )was computed from the linewidths (given in Table 5 ) corrected for resolution and internal velocity dispersion (eq. 4), or taken from LEDA when not in Table 5 . (left) and morphological types (right) for the sample of Mrk IRAS galaxies (top), and for a sample of normal galaxies from Mathewson & Ford (1996) (bottom). A distinction is made between barred (dotted line) and unbarred (dashed line) galaxies. The Mrk IRAS galaxies are on average further away and of earlier morphological type than the normal galaxies
The distance was estimated from the recession velocity corrected for Virgocentric flow (given in LEDA) and a Hubble constant of 75 km s −1 Mpc −1 . The K-band magnitude was taken from NED 3 or from Bergougnan et al. (paper VII, in preparation). The oxygen abundance was taken from Contini (1996) for the barred (SB) galaxies and from the literature, mainly Balzano (1983) and Dahari & De Robertis (1988) , for the unbarred (SA) ones. The O/H for the SA are generally based on photographic work and thus more uncertain than that for the SB. The total HI mass was derived from the corrected total fluxes (given in Table 1 ) according to the following equation (Haynes & Giovanelli 1984) :
For galaxies not observed at Nançay, it was estimated from the m21 c parameter in LEDA using the equation :
The morphological type, inclination, isophotal diameter, FIR luminosity and absolute magnitude were taken from LEDA.
Neutral hydrogen content
The first questions to address are i) whether Mrk IRAS galaxies have an abnormal neutral hydrogen content with respect to 3 NED (http://nedwww.ipac.caltech.edu)
Fig. 5. Distribution of isophotal linear diameters (left)
and excess of (right) HI mass for the sample of Mrk IRAS galaxies (top), and for a sample of normal galaxies from Mathewson & Ford (1996) (bottom) . A distinction is made between barred (dotted line) and unbarred (dashed line) galaxies. The Mrk IRAS galaxies have on average a larger HI mass excess than the normal ones. The barred galaxies have on average a smaller HI mass excess than the unbarred ones; this is a property of spiral galaxies in general normal galaxies, and ii) whether the HI content of barred and unbarred galaxies differ. As comparison sample of "normal" galaxies, we used the the sample of Mathewson & Ford (1996) . In order to compare homogeneous sets of data, we only selected the 1197 normal galaxies for which the maximum velocity and HI flux were available in LEDA.
The Mrk IRAS galaxies have on average the same quantity of HI mass as the normal galaxies (see Table 2 ). However, this result is probably affected by selection effects. Indeed, our sample of Mrk IRAS galaxies and that of normal galaxies do not have the same distributions in distance, nor in morphological type (see Fig. 4 ); the Mrk IRAS galaxies are further away and of earlier type than the normal galaxies. Galaxies observed further away tend to have higher masses because of the Malmquist bias, and later-type galaxies tend to be richer in HI.
In order to circumvent the distance bias, we normalize the HI mass by d c (the corrected linear diameter at the isophote 25 blue mag arcsec −2 ) squared, which is free of Malmquist bias. This has the dimension of an HI surface density; but one has to keep in mind that the blue isophotal diameter does not necessarily measure the radial extent of the HI distribution. The distribution of isophotal diameters d c is shown in Fig. 5 , for the sample of Mrk IRAS galaxies and for the comparison sample of normal galaxies. Mean values of isophotal diameters and HI surface densities, M HI /d Table 2 . Mean values and uncertainties of the morphological type t, distance D, linear diameter d c , HI mass M HI , HI mass to blue light ratio M HI /L B , HI mass density M HI /d 2 c and HI mass excess ∆M HI , for the sample of Mrk IRAS galaxies and for the comparison sample of normal galaxies (Mathewson & Ford 1996) .
Mrk IRAS Galaxies Table 2 , where a distinction is made between barred and unbarred galaxies. We find that, on average, the Mrk IRAS have a higher surface density than the normal galaxies. But, as noted above, the two samples do not have the same distributions in morphological types, which introduces another bias. To take these differences into account, we calculate the excess HI mass over that predicted for a given morphological type and diameter (d c , in kpc), using the following equation :
where the constants c 1 and c 2 are given in Table V of Haynes & Giovanelli (1984) for the different morphological types, except those earlier than S0 (t = −1.5). The values of excess HI mass for the different subsamples are listed in Table 2 , together with the number of objects (since types earlier than S0 were not included). As a check, we corrected the HI surface densities in another way, using as reference the mean HI surface densities given by Giovanelli & Haynes (1988; their Haynes & Giovanelli (1984) . We find that Mrk IRAS galaxies have a larger excess (∆M HI ) of HI mass than normal galaxies. The fact that most galaxies have a positive excess of HI mass is due to the definition of the diameter: Haynes & Giovanelli (1984) use the uncorrected diameter from UGC, whereas we use the corrected diameter from LEDA, and the LEDA uncorrected angular diameters are on average 9% smaller than the UGC diameters (Paturel et al. 1991) .
We also computed the HI mass to blue light ratio for the two samples, and find that the Mrk IRAS galaxies have a lower ratio than the normal galaxies. This is contrary to expectations, and probably due to the fact that the two samples have different distributions in type (see Fig. 4 ) : the Mrk IRAS are of earlier type, thus of brighter absolute magnitude (see Roberts & Haynes 1994 ) than the other sample. There is in fact a small magnitude dependence in the HI mass to blue luminosity ratio expressed as L β B (see Smoker et al. 2000 and references therein). We find that β = -0.33 for both our samples. Computing M HI L −0.66 B reduces, but does not reverse the trend. But this is perhaps not a very good HI mass indicator, since the exponent β depends on the sample, and ranges from -0.1 to -0.33. We finally computed the excess HI mass over that predicted for a given morphological type and luminosity, using the constants given in Table V of Haynes & Giovanelli (1984) . For this type of bias correction we find the expected trend, that the Mrk IRAS galaxies have on average a larger HI mass excess than the normal galaxies, and that the normal barred galaxies have less excess than the normal unbarred galaxies (there is no significant difference between the barred and unbarred Mrk IRAS galaxies in that respect).
These last results weaken our claim that the Mrk IRAS galaxies have more HI than normal galaxies. However, as stated by Haynes & Giovanelli (1984) , normalizing the HI mass by the luminosity leads to HI mass indicators of inferior quality compared to M HI /d sity and lower HI mass excess than unbarred ones (see Table 2 ), and this is true for both Mrk IRAS and normal galaxies.
We performed Kolmogorov-Smirnov tests to quantify the statistical significance of the differences found between samples. The results are summarized in Table 3 , which gives the confidence level (in percent) at which the two samples are drawn for different populations. The difference in the parameters log(M HI /d 2 c ) and ∆M HI is significant at a confidence level of at least 95%, and mostly of 98-99%. As stated above, the significance of the differences in log(M HI ) is probably illusory in view of possible Malmquist bias.
In summary, the two main results of this subsection are that i) Mrk IRAS galaxies have a larger excess of HI mass than normal galaxies, and ii), within each category (Mrk IRAS or normal), unbarred galaxies have a larger HI mass, mass density and mass excess than barred ones. This is a clear indication that activity (starbursts or Seyfert) and the presence of a bar are both related to the HI content of galaxies.
Finally, we must point out that we did not find any dependence of the HI mass excess on the global star formation rate of galaxies, measured by the FIR luminosity. This also holds for barred and unbarred galaxies considered separately, and by excluding Seyferts and uncertain types of nuclear activity (st?, sy?; see Table 7 ). On the other hand, we do find the correlation between star formation rate and HI surface density which has been established for different samples of nearby galaxies (e.g. Kennicutt 1989; Donas et al. 1990; Deharveng et al. 1994; Boselli 1994 ; Kennicutt 1998).
Tully-Fisher relation
The Tully-Fisher relation is one of the most basic relations among spiral galaxies and provides a critical constraint on galaxy formation theories. The third objective of this analysis is to examine whether the Mrk IRAS galaxies follow the TF relation.
We determined a TF relation for normal galaxies in the B and K bands using the sample of Mathewson & Ford (1996) , extracting the relevant parameters from LEDA and NED, and restricting our analysis to galaxies with an uncertainty smaller than 0.1 on log(V m ) and an inclination larger than 30
• . There were 1162 such galaxies for calibrating the B-band TF relation, and 682 for the K band. The advantage of determining our own relations, rather than relying on relations from the literature, is that we are comparing homogeneous sets of data, affected in the same way by systematic effects and errors. In the B band, the relation is :
In the K band, it is :
The B-band TF relation for our sample of Mrk IRAS galaxies is shown in Fig. 6 , together with the linear relation for normal galaxies. This Figure is limited to data with an uncertainty in log(V m ) smaller than 0.1 and inclinations larger than 30
• . This plot shows that there is no difference between the barred Table 4 . Galaxies with the strongest deviations from the Kband TF relation, grouped into barred and unbarred types. The excess of HI mass (see sect. 5.1) is given in col. 5. The difference between the observed V m and that given by Eq. 8 is in col. 6. The last column gives informations on the environment and on the level of interaction of galaxies (from Contini 1996; Keel & van Soest 1992 and unbarred galaxies. More remarquably, it also shows that the Mrk IRAS galaxies do not follow the local B-band TF relation, as already stated in Coziol et al. (2000) , showing a large scatter. One could argue that the luminosity in the B-band is dominated by young OB stars in starbursts or by the non-thermal nucleus in Seyferts and thus is not a good tracer of the total virial mass. A starburst generally brightens the galaxy by up to 2 mag in B, and only 0.5 mag in K (Mouhcine & Lançon 2003) . However, there is admittedly no significant excess of galaxies with low log(V m )compared to high-log(V m )ones, which is surprizing. One could perhaps argue that the B-band TF relation estimated from normal galaxies is affected by unidentified starburst galaxies in the sample, or that OB stars and dust play in opposite senses in starburst galaxies, contributing to the observed scatter. At any rate, to avoid potential problems of the B band, we use the K-band absolute magnitude as mass indicator.
The K-band TF relation for our sample of starburst and Seyfert galaxies is shown in Fig. 6 , together with the linear relation for normal galaxies. This Figure is limited to data with an uncertainty in log(V m ) smaller than 0.1 and an inclination larger than 30
• . Like the TF relation in the B band, we find no difference between the barred and unbarred galaxies, and a significant proportion of galaxies with very low V m . • . The solid lines are the relation for normal galaxies (Eqs. 7 and 8). The dashed lines delineate the zone where the data should in principle be enclosed (uncertainty on log(V m )less than 0.1). The Mrk IRAS galaxies do not follow the local TF relations for normal galaxies, as a significant proportion of them have a low value of log(V m )
The fact that the barred and unbarred galaxies show no difference in the TF plane is not specific to Mrk IRAS galaxies. We have verified that this is also true for the normal galaxies of Mathewson & Ford (1996) . Courteau et al. (2003) reach a similar conclusion, but based on optical kinematics. This simply means that the presence of a bar does not affect the proportion of luminous to dark matter at a given radius.
We believe that the excess of galaxies with low V m in Fig. 6 is real, and tells us something about the physical properties of Mrk IRAS galaxies. We next try to identify the origin of this effect, by investigating the 17 most deviant galaxies in the Kband TF diagram. They are indicated by a triangular symbol in both panels of Fig. 6 ; one can see that most of them are also deviant in the B-band TF relation. Their properties are listed in Table 4 .
The HI distribution has been mapped in only two galaxies (Mrk 52 and 313) among those listed in Table 4 . The HI distribution of Mrk 52 is well resolved, revealing a centrally peaked column density structure (Taylor et al. 1995) . The velocity map of this galaxy indicates differential rotation, though it lacks spatial and velocity resolution to detect any asymmetries that might exist. High-resolution HI observations in the Mrk 313 group of galaxies reveal that the HI morphology of almost all the member galaxies are affected by the environment and four galaxies show tidally distorted HI morphology and kinematics (Li & Seaquist 1994) . The HI emission of the pair NGC 7464/Mrk 313 is dominated by a ring around Mrk 313. The orientation of Mrk 313 and the ring suggest that it represents a polar ring around Mrk 313 and could be material pulled out of NGC 7464 during a close encounter with Mrk 313.
For the other galaxies, we have to rely on the HI profiles. Four of them are in Fig. 1 , the others can be found in the literature. Only a few galaxies have a classical double-horned profile : Mrk 52, 307, 489, 592, and possibly Mrk 300 and 319. The others have a sloping profile, either gaussian or centrally peaked (Mrk 201, 331, 353, 691, 905, 1064 (Mrk 201, 331, 353, 691, 905, , 1302 or a lopsided profile (Mrk 313, 471, 685, 1003 (Mrk 313, 471, 685, , 1157 . The gaussian/centrally peaked profiles suggest that the HI is centrally concentrated and does not extend to the flat part of the rotation curve, the lopsided profiles indicate uneven distribution of HI in the disk of the galaxy. In summary, such profiles indicate that the HI gas has not reached equilibrium in these galaxies.
Peculiar HI kinematics does not seem to be limited to active galaxies. We have examined the properties of the 7 galaxies which have an abnormally low log(V m ) in the K-band TF relation for the 682 normal galaxies (Mathewson & Ford 1996) . Five of these galaxies (ESO 34-3, 446-2, 512-12, 563-13, 576-1) become "normal" again if one uses the maximum rotation velocity of the ionized gas instead of that of the HI gas. For the two other ones (ESO 384-32 and UGC 645) optical kinematics are not available. Thus peculiar HI kinematics in an otherwise normally rotating galaxy can also be found among normal galaxies, unless these objects are misclassified in terms of nuclear activity.
In order to better understand the cause of the slow rotation of the neutral HI gas in part of our sample, we have looked for correlations with other properties of the galaxies. Their en- Fig. 6 , only data points with uncertainties in log(V m ) less than 0.1 and inclinations higher than 30
• are plotted. The full and empty squares are the barred and unbarred galaxies respectively. The galaxies which depart most from the TF relation also have the strongest FIR luminosity and the lowest metallicity. vironment, as determined from CCD and sky survey images, gives no indication to explain the perturbed kinematics : only one galaxy (Mrk 201) appears strongly disturbed, and another one (Mrk 313) is in a group, while the others are isolated or in rather distant pairs and fairly symmetric in shape (Table 4 ). The 17 deviant galaxies have on average a much higher HI mass excess (< ∆M HI >= 0.30 and 0.33 for the barred and unbarred galaxies respectively, see Table 4 ) than the whole sample of Mrk IRAS galaxies ( Table 2 ). As pointed out by the referee, applying the baryonic correction advocated by McGaugh et al. (2000) to these gas-rich galaxies makes them even more deviant, and thus even more peculiar.
The deviant galaxies also have a stronger FIR luminosity and a lower oxygen abundance. This is shown in Fig. 7 , which give the difference between the observed V m and that given by Eq. 8 as a function of FIR luminosity (L FIR in L ⊙ ) and oxygen abundance (O/H) respectively. Only the data with an accuracy in log(V m ) better than 0.1 and an inclination larger than 30
• are plotted. The same holds true for the departure from the TF relation in the B band. These trends are reinforced if one plots data with an accuracy in log(V m ) better than 0.2 (instead of 0.1). It thus appears that the most deviant galaxies are the youngest ones and those with the highest star formation rates, which is proportional to L FIR .
Conclusions
The first objective of this paper was to search for differences in HI content between Mrk IRAS and "normal" galaxies, and between barred and unbarred galaxies. We compared the HI properties of two homogeneous samples of Mrk IRAS (mainly starburst) and normal galaxies, with a further distinction between barred and unbarred objects. The main results of this comparative study can be summarized as follows.
Taking into account selection effects due to different distributions in distances and morphological type between normal and Mrk IRAS galaxies, we find that unbarred galaxies have more HI gas than barred ones. This is probably the most important result of this paper. Our interpretation is that the bar contributes efficiently to transforming the neutral hydrogen into molecular form, by funneling it into denser and dust-rich regions where most CO is detected : the leading edge of the bar (Sheth et al. 2002) and subsequently the central regions of the galaxy, where most star formation takes place. Note, however, that the bars of the Mrk IRAS galaxies are too young to have contributed to the actual central starburst Considère et al. 2000) .
We also find that the Mrk IRAS galaxies have more neutral gas than normal galaxies. Although less robust, this result suggests that these galaxies have transformed less HI into stars because they are young, as testified by their metallicity (e.g. Coziol et al. 1997 ).
The other objective of this study was to investigate how the Mrk IRAS galaxies behave with respect to the TF relation, which is a fundamental scaling relation between the galaxy mass and its large-scale dynamics. We found that a significant fraction of Mrk IRAS galaxies strongly deviate from the TF relation defined for normal galaxies, both in the B and the K bands. This is the other striking result of this study and, as already pointed out by Coziol et al. (2000) , an important property of starburst galaxies. However, the interpretation of these deviations is not straightforward, because we have no detailed kinematic information on these galaxies.
Peculiar HI distribution and kinematics seem to be quite common among star-forming galaxies (e.g., Taramopoulos, Payne & Briggs 2001; Meurer, Staveley-Smith & Killeen 1998; Swaters, Sancisi & van der Hulst 1997; Hurt, Turner & Ho 1996; Kobulnicky & Skillman 1995) . The motion of HI gas in the vertical direction has been studied in several nearby spiral galaxies. The general interpretation of these vertical motions is that they are the result of the formation and expansion of supershells around starburst nuclei due to stellar winds from massive OB stars and/or supernova explosions (e.g. Sancisi et al. 2001) . Finally, Barton et al. (2001) have recently shown that a significant fraction of star-forming galaxies in close pairs deviate from the TF relation, with lower values of log(V m ). Although most of these outliers show signs of recent star formation, Barton et al. (2001) suggest that gas dynamical effects are probably the dominant cause of their anomalous TF properties, some of them showing signs of recent gas infall after a close galaxy-galaxy pass.
Most of the deviant galaxies in Table 4 are isolated, suggesting that strong gravitational interactions are not at the origin of the peculiar HI kinematics, except perhaps for Mrk 201 and 313. We assume that the HI gas has been recently accreted by these galaxies in minor merger events, and has not settled to dynamical equilibrium (lopsided profiles), or is partly in non-planar motion induced by superwinds (gaussian/centrally peaked profiles). A single minor merger is not sufficient to raise the HI mass excess by 0.15, since it would require that the typical merging dwarf contribute 40% of the HI mass of the galaxy. We thus have to assume either that our galaxies frequently suffered minor mergers (say 4 to 7 in their lifetime), which seems unprobable in view of their generally low metallicity (and thus age), or that they were initially gas-rich; a combination of the two possibilities is probably the correct scenario, since, as pointed out by the referee, gas-rich disks are likely to respond to mergers by more vigorous starburst.
How can we interpret these results in terms of the evolutionary stage of starburst galaxies?
In the framework of the hierarchical formation of galaxies, gravitational interactions play a fundamental role in galaxy evolution, primarily through minor galaxy-galaxy encounters. In the local universe, starburst nucleus galaxies are certainly the best examples of such processes. They frequently show signatures of recent interactions (e.g., Contini 1996) and have systematically lower metallicities than normal galaxies of similar masses and morphological types (Coziol et al. 1997) , suggesting a particularly early evolutionary stage. Moreover, recent studies have shown that their bar structures were formed recently (age < 1 Gyr; Considère et al. 2000) mainly because these galaxies are still forming their disks . A detailed and exhaustive study of their chemical abundances further revealed that the star formation history of starburst nucleus galaxies is probably dominated by a succession of starbursts extending over a few Gyr (Coziol 1996; Coziol et al. 1999; Mouhcine & Contini 2002) . The most natural explanation for such a star formation scenario involves the trigger of starbursts by gravitational interactions, mainly through minor mergers.
The results of this paper, which concerns both the global gas content and the large-scale HI dynamics in starburst galaxies, further support this evolutionary scenario. Starburst galaxies contain more neutral gas than normal ones because they recently underwent several minor mergers which increased their reservoir of HI gas and triggered nuclear starbursts. A significant fraction of these galaxies show strong deviations from the TF relations because the recently accreted HI gas has not had time to become stable in a regularly rotating disk and reach dynamical equilibrium. The fact that the most deviant galaxies are those with the highest star formation rates and the lowest metallicities is not surprizing. The level of dynamical perturbations in the HI kinematics (measured by the departure from the TF relation), as well as the level of induced star formation (measured by L FIR ) should scale in principle with the intensity of the latest gravitational interaction undergone by the galaxy. Following the well-known scaling relation between metallicity and mass, metal-poor galaxies have small masses and are thus more affected by interactions than massive ones, explaining the observed trend in Fig. 7 .
As predicted by numerical simulations, low-level gravitational interactions are the best way to initiate instabilities in the stellar galactic disk and thus to form a bar. This could explain why bars are so "young" in starburst galaxies: their disks are still forming and they suffered recent minor interactions. The difference in HI content between barred and unbarred galaxies -the latter being richer -could be explained by the efficiency of bars in driving gas toward denser and dust-richer regions of galaxies, where it is transformed into molecular clouds on its way to forming stars. Following this scenario, barred galaxies should contain more molecular gas than unbarred ones. We are investigating this prediction thanks to new CO observations of Mrk starburst galaxies (Contini et al., in preparation) .
Over the past few years, considerable progress have been achieved in our understanding of galaxy formation and evolution. In particular, deep photometric and spectroscopic surveys performed on the largest telescopes revelead populations of luminous star-forming galaxies up to redshifts 3 -4. Even if it remains unclear whether these objects are representative of the whole galaxy population that exists in the distant universe, the starburst phenomenon appears now as a key process in galaxy evolution. Table 5 . HI data for Markarian galaxies observed at the Nançay Radiotelescope. The Mrk number is in col. 1, the radial heliocentric HI velocity and its error (in km s −1 ) in cols. 2 and 3, the rms noise in the profile (in Jy) in col. 4, the signal-to-noise ratio (SNR) in col. 5, the measured linewidths at 20 and 50% of maximum intensity (in km s −1 ) in cols. 6 and 7. When no line was detected, the listed W 50 was estimated from the Tully-Fisher relation. The HI flux F HI (or an upper limit) and its uncertainty (in Jy km s −1 ) are given in cols. 8 and 9. The last galaxy of that Table 7 . Integrated quantities for the Mrk IRAS galaxies. The Mrk number is in col. 1, the morphological type (SA = unbarred, SB = barred) in col. 2, the spectral type (stb = starburst; sy = Seyfert; st? and sy? are classifications from an IRAS color index as explained in text) in col. 3, the numerical morphological type t (RC3) in col. 4, the inclination (in degrees) in col. 5, the isophotal diameter d c and its uncertainty (in log of 0.1 ′ ) in cols. 6 and 7, the maximum rotation velocity V m and its uncertainty in log(km s −1 ) in cols. 8 and 9, the distance D (in Mpc) in col. 10, the K-band magnitude in col. 11, the oxygen abundance (O/H) with respect to solar in col. 12, the total HI mass and its uncertainty (in M ⊙ ) in cols. 13 and 14, the total FIR luminosity (in L ⊙ ) in col. 15 and the absolute blue magnitude M B in col. 16. 
